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5.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The Texas PM; s Air Sampling and Analysis Study objectives were to acquire a PM; 5
mass and chemical composition data base of specified accuracy, precision, and validity, and
to examine spatial and temporal variations of PM; 5 concentrations for five major cities in
Texas, with the focus on the city of Houston. These objectives have been attained as
described in the previous sections of the report. This section summarizes the conclusions
from the measurement efforts and provides recommendations for future study.

51  Summary
5.1.1 Data Validity

Mass, ions (e.g., nitrate, sulfate, ammonium), crustal-related species (e.g., aluminum,
silicon, potassium, calcium, manganese, iron, zinc) combustion-related species (e.g., organic
carbon, elemental carbon, soluble potassium, chlorine, bromine), and trace elements (e.g.,
arsenic, selenium, cadmium, mercury, beryllium) were measured at the Texas sites with
specified precision, accuracy, and validity for the period between 03/11/97 and 03/12/98.

Comparison of collocated PM; s samplers (DRI MEDVOL fitted with a Bendix PM; s
cyclone) were made at three of outdoor sites, HT, H3 and HC, as well as between samplers
placed indoors (HS) and outdoors (HW) at the Shell Westhollow Technology Center. The
average difference in PM,s mass measurements between the collocated and primary
samplers at the three outdoor sites ranged from —0.3 to 0.8 p g/m’. Collocated precisions are
comparable to or better than collocated measurements from other studies (Chow, 1995).

Comparison of sampler data from the indoor and outdoor sites at the Shell
Westhollow Technology Center showed the indoor samples to be on average about 8.0 pg/m’
lower than the samples simultaneously taken outdoors.

The sum of measured chemical concentrations accounted for approximately 70% of
the PM, s mass with a correlation coefficient of 0.95. Tests for physical consistency were
performed for: 1) sulfate versus total sulfur, 2) soluble potassium versus total potassium, 3)
ammonium balance, and 4) anion and cation balance. These comparisons identified a few
outliers that were explainable by the previously applied flags. The sulfate versus total sulfur
comparison gives a ratio of 2.8, which implies that nearly all of the PM; s sulfur was present
as sulfate. The soluble versus total potassium comparison showed that the water soluble
fraction accounts for 60% of the total potassium.

Calculated and measured PM,s ammonium were consistent with each other, with
correlation coefficients exceeding 0.96. The comparison also implies that the majority of the
sulfate was neutralized and in the form of ammonium sulfate. The anion and cation balance
demonstrate that all of the ionic measurements were highly correlated (r = 0.98) with a slope
of 0.89. A majority of the cations can be balanced with anions on molar equivalent basis
with £ 13% of unity.
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5.1.2 Characteristics of PM Mass and Chemistry

Only one exceedance of the 24-hour average National Ambient Air Quality Standard
(NAAQS) for PMys of 65 pg/m® was found during the study period from 03/11/97 to
03/12/98, occurring at the El Paso (EP) site on 12/ 18/97 Annual average of the scheduled
days shows PM s mass ranging from 9.6 + 4.5 n g/m at the HT collocated site (denuder on)
to 18.0+8.4 g/m at the HC collocated site (denuder on).

Only two sites H3 and HC have scheduled days annual average concentrations
exceeding the annual NAAQS of 15 pg/m’®, but most of the sites (except CC, HG and SA)
have average concentrations within 20% of the standard. At least three years of PMa;s
monitoring with federal reference methods are needed to determine attainment or
non-attainment of the PM, 5 standards.

The comparison of indoor versus outdoor samples at the Shell Westhollow
Technology Center showed that on average PM,s mass concentrations indoors was about
one-third the outdoors concentration.

The most abundant chemical species (>1 pg/m) were ions (e.g., nitrate, sulfate,
ammonium) and carbon (e.g., organic and elemental carbon). Nitrate concentrations ranged
from 0.0 £ 0.03 (H3, 09/01/97) t0 9.5 £ 0.6 p g/m (EP, 12/18/97), while sulfate ranged from
0.5 + 0.04 (H7, 09/13/97) to 13.5 + 0.9 pg/m’ (HC, collocated with denuder on, 09/01/97),
and ammonium ranged from 0.1 £ 0.03 (HG, 07/27/97)t0 49 +0.3 n g/m (H3, 03/23/97).

Total carbon (organic carbon + elemental carbon) was the most abundant species,
accounting for over 27% of the mass. Organic carbon ranged from 0.0 + 0.9 (H3, 06/21/97)
to 20.1 = 1.5 pg/m’ (EP, 12/18/97) and elemental carbon ranged from 0.1 + 0.04 (H7,
09/13/97) to 7.9 = 0.5 pg/m (EP, 12/18/97). The indoor site (HS) had an even larger
percentage of mass attributable to total carbon, nearly 52%.

Sulfate was the second most abundant species, accounting for slightly less than 27%
of the mass. However, if all sulfate were assumed to be ammonium sulfate, ammonium
sulfate would be the largest constituent, accounting for approximately 35% of the mass.

5.2 Conclusions

Several conclusions can be drawn from the analysis of PM; s concentrations in the
study area. With respect to ambient measurements, a validated data base with specified
precision, accuracy, and validity has been established for the 03/11/97 to 03/12/98 study
period.

Annual average mass concentratxons at most of the sites are at or near (within 20%)
the annual NAAQS of 15 pg/m’.

A majority of the nitrate is lost due to volatilization during warm non-winter periods.
The fraction of total particulate nitrate contributed by volatilized nitrate did not show a
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significant difference with the aluminum denuder on or off, indicating that the sampler
surface is acting as an efficient denuder.

Total carbon is the largest single contributor to PM; s mass in Texas, accounting for
about 27%. Sulfate was the second largest contributor, also accounting for about 27%. If all
sulfate were presumed to be ammonium sulfate, then ammonium sulfate would be the largest
contributor, accounting for about 35%. :

53 Recommendations

Two more years of PM, s mass data will be necessary to determine attainment or non-
attainment of the PM,s NAAQS. With most states setting up monitoring programs to
comply with the new PM; s standard, these data should be available in the future.

To better understand the contribution of volatilized nitrate to total particulate nitrate
and the effectiveness of the aluminum denuder, further study with collocated comparisons of
denuded versus non-denuded samples would be needed. Retrieval and refrigeration of the
samples immediately after sampling would provide the most accurate concentration
information.

To better characterize the carbonaceous aerosol and more accurately determine its
contribution to the percentage of the measured mass, organic speciation analysis should be
performed on the samples in addition to the analyses currently undertaken.
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